ABSTRACT
Introduction
Contingent valuation technique is commonly used in environmental resource management fields, and monetized benefit measurement for improvements of environmental goods. Abundant research in beach nourishment has been conducted by applied economists [1] [2] [3] [4] . In this paper, we are primarily concerned over the subject of coastal beach quality improvement with a particular emphasis on the relationship between tourism beach nourishment and tourists' socioeconomic characteristics and the nature of their tourism activities as well. Beach conditions such as slope, width, mud, debris, congestion etc. are easily observable and perceptively recognized by the tourists through photos presented to them. Tourists' responses to the improved situation of coastal tourism resource quality is depended on a sequence of bidding value data to let respondent decide "Yes" or "No" regarding acceptance or rejection in an empirical survey. The type of binary dependent variable model in the empirical study can be estimated utilizing Logit or Probit probability distribution which is firstly explored by Bishop and Heberlein (1979) with dichotomous choice (DC) elicitation model of CVM [5] , which is called single-bounded DC.
The theoretical base of this method used in consumer welfare measurement is analyzed by Hanemann (1984) using Random Utility Maximization (RUM) [6] . With the support of the US Department of Commerce's National Oceanic and Atmospheric Administration (NOAA) [7] , RUM based utility difference DC model has been widely accepted and broadly extended. Traditionally, parameterized method of OLS or MLE is used, but it requires satisfying with homoscedastic assumption in order to be able to carry out a regression procedure in OLS, as well as a high dimension numerical integral which sometimes causes difficulty in solving consumer surplus based on MLE. Therefore, in this paper, we try to examine the performance of the non-parametric kernel heteroscedastic MCMC method by comparing its results against those generated by MLE in order to reveal the robustness of MCMC Gibbs sampling method.
Probit Regression Models

Heteroscedastic Regression Model
Bayesian treatment of the independent student t linear model, in which, variances of random error are embodied in heteroscedastic characteristics broken through the traditional model to ensure a better statistical fitness (Geweke, 1993) [8] . The useful model is 
Probit Parameter Method
Probit model is one of binary choice probability distribution models, which is usually used to solve dichotomous choice models of contingent valuation method (CVM) in valuing environmental resource or leisure activities. For binary choice model, given sampling from i = 1 to n, the explicit dependent variable is evaluated "0" or "1" as z i in (6), which is representing the relationship between implicit dependent variable of continuous distribution as y i in (6) and explanation variables. Its basic format is as (6) .
In benefit measurement for improvements of tourism goods, tourists are asked information of willingness to pay (WTP) for environment or policy change. The WTP is a bidding value (explanation variable BID in this paper), furthermore, consumer surplus or environmental improvement value is measured through mean or median of WTP probability distribution after estimating parameters mentioned β above. Based on the utility difference model by Hanemann (1984) , the implicit dependent variable y i explained with a vector of independent variables x i can be considered as the utility difference, and his mentioned utility difference model is like (1) [6] . According to his RUM assumption, given bidding value B, there is the probability expression as (7).
Traditional probability distribution of random error is paid attention to Logit or Probit model [5, 6] . In Probit model, error accords with 0   and standard Normal distribution, whose cumulative density function (CDF) is as (8).
Integrated (7) with (8), WTP's probability density function (PDF) and CDF could be written as Equation (9) and (10) .
Through MLE function (11), coefficient parameters β can be estimated.
MCMC Probit Regression Model
In Probit model, i
 is distributed as standard normal distribution, and so in Gibbs sampling, a sequence of processes of normal distribution sampling for yi are appeared. Due to (6), the left or right zero-truncated normal-distributed sampling is used to get posterior values. In each sampling, based upon (6) and (1) as step (b) be-
low, all of n original samples (y i , i = 1 to n) are revalued for estimating the hyper-parameters. The Gibbs sampling MCMC steps can be organized as follows.
1) The initial value is conveniently assigned using OLS results with 2) Given (3), which means calculating the mean and variance of depended on
using (4), which means deciding in (4) after computing , randomly drawing and using
5) Draw conditional on and
, which means deciding in (5) after computing , randomly drawing and using .
Express a sampling route from step (2-5), repeat the route 3000 times, and obtain Markov chain {s1001, s1002, , s3000} after deleting the first 1000 set of data. 
In this process, a Bayesian regression approach is presented for the chief purpose of getting hyper parameters β. According to the steps above, the Mean [β (1001) , β (1002) , , β (3000) ], a point estimator of β, can be easily achieved. Hereto the estimated β of MCMC approach together with β of MLE point estimator are obtained in use to value WTP of coastal beachquality improvement below. 
WTP Estimators
Transform Equation (1) to (12) after retaining variable BID and calculating the remainder to get estimated constant α replaced explained variables with respective means.
Using the symmetrical property of the PDF curve for a standard normal distribution, we can set up F(y) = 0.5 in (7), from which the WTP median of equation (12) can be computed based on (13). Using Equations of (9) and (12), WTP mean can be obtained as through Equation (14).
 ˆx
Median WTP Variable YAN is binary choice dependent variable which is specified as '1' given a "Yes" response, and '0' for "No" response. BID is the priority variable which represents WTP of individual interviewee and it is labeled as 7-levels of payment including Ұ5, Ұ10, Ұ20, Ұ50, Ұ100, Ұ200 and Ұ500. To fulfill with DC type of questionnaire design requirements, the number of tourists surveyed correspondent to each level of WTP is approximately equivalent. Variable AGE is specified 1-5 categories, in which '1' = below 15, '2' = above 15 and below 25, '3' = above 25 and below 40, '4' = above 40 and below 60, and '5' = above 60. Variable EDU (Education) is characterized 6 categories: '1' = elementary school graduate and below, '2' = high or vocational school graduate, '3' = junior college graduate, '4' = college or university graduate, '5' = master, and '6' = doctor. Variable INC (Income) is specified as 1 to 10 categories: (US$ 1 = RMBҰ6.83) '1' = less than or equal to 500, '2' = 500-999, '3' = 1,000-1,999, '4' = 2,000-2,999, '5' = 3,000-3,999, '6' = 4,000-5,999, '7' = 6,000-7,999, '8' = 8,000-10,000, '9' = 10,000-20,000, and '10' = greater than 20,000. Variable RKM represents a respondent's round trip travel distance (km). Variable SW, VG, FG, YT, and SP are recreational activity variables which respectively stands for swimming, sea-sighting and strolling, fishing, yachting, and play game on the sand. Each of them is also characterized as '0' or '1' dummy variable. 
Results and Discussion
Based on Equations of (12), (13) and (14), the median WTP and mean WTP can be computed through using explanation variables show in Table 2 , respectively, where and .
In Table 2 , statistical tested were conducted to evaluate the regression model performance. It turns out that there are three asymptotically equivalent statistical tests including the likelihood ratio statistic, the Wald statistic, and the Lagrange multiplier statistic, which can measure goodness-of-fit and joint significance of all coefficients except the constant, but McFadden pseudo R 2 and the likelihood ratio test are commonly used. In these two models, the test results are almost identical with each other. McFadden pseudo R 2 and the likelihood ratio can be used to evaluate a model's goodness-of-fits, and they all reach excellent level of significance in both models. T-test indicates that all explanatory variables reach 0.10 or better statistical significance except for variables of SW and SP. These highly consistent results suggest that the MCMC Probit model is effective method for DC-CVM type of analysis.
In estimating for both MLE parameters and hyper-parameters of MCMC, two different models were used and both got consistent t-statistics as p-value indicated, which suggest that all those main estimators are acceptable for the WTP estimations. Thus, in case a researcher is mainly interested in the study procedure to deal with complicated problems, a non-parameter estimation program should be recommended.
Connotation reflected through coefficients of explanatory variables transmits the information that BID, AGE, and activities variables are negatively correlated with latent utility difference. The negative signs of coefficients have different meaning for WTP measurement because BID's is a denominator and the other explanatory variables are embedded in the numerator of WTP calculation. Coefficient modulus of BID expresses an inverse ratio relationship with WTP, while the other explanatory variables are truly negative correlations with WTP.
Conclusions
In this paper, a MCMC Gibbs sampling Probit model is used to evaluate the coastal beach quality improvement. From an empirical study perspective, the procedure can be used to estimate economic value for multiple study fields including but not limited to healthy, risk, transportation, resources and environment and ecology compensation, etc. In comparison with traditional MLE Probit model, MCMC Probit model achieves very consistent results, which suggest that the WTP estimation using both methods is more robust. As well as, a MCMC Gibbs sampling model holds better qualities because of the three advantages in dealing with heteroscedasticity, high dimension numerical integral and sample size restriction problems. Parametric model based on OLS or MLE test procedures is widely applied for estimation of consumer surplus although the existence of heteroscedasticity does not fit in OLS and a high dimension numerical integral is also difficult to be solved using traditional parametric method. The nonparametric model using MCMC has been gradually recognized as a handy method for estimating regression models. In the process, applying the MCMC Gibbs sampling to get hyper-parameters estimators is well received [9, 10] . However, it is worth of noting the importance that it is necessary to get the conditional posterior distributions.
The authors used the utility difference model to estimate environmental resources via comparing and estimating a non-parametric regression model with 2000 enlarged samplers. Analyzed the regression coefficients, the finding is that education and income represent similar elasticity implication, which is the opposite of age and activities. The result indicates that the existence value of the coastal beach environmental quality improvement in Dalian, China is RMB Ұ168 per person, and this result is so consistent with the one obtained from using a traditional method.
